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(57) ABSTRACT 

A high-efficacy, long-acting, slow-release formulation of the 
poorly soluble drug, comprising Solid dispersion of the poorly 
soluble drug, silica nanoparticles loaded with the poorly 
soluble drug, matrix material, and release enhancer, wherein 
the mass ratio of these components is solid dispersion of the 
poorly soluble drug: silica nanoparticles loaded with the 
poorly soluble drug: matrix material: release enhancer-1: 
0.5-1.25: 0.1-0.3: 0.1-0.3; the said solid dispersion of the 
poorly soluble drug contains povidone K30, soybean lecithin, 
and acrylic resin IV, wherein the mass ratio of the drug and the 
accessory materials is poorly soluble drug: povidone K30: 
soybean lecithin: acrylic resin IV=1: 1-3: 0.3-0.8: 0.2-0.5. 
Compared with the existing formulations, the in vivo halflife 
of the high-efficacy, long-acting formulation of the poorly 
soluble drug disclosed in this invention is 2.3-14.8 times 
longer while the mean residence time (MRT) of which is 
7.94-4.52 times longer; when tested in vivo in Beagle dogs, 
this new formulation of the poorly soluble drug presents a 
Smoother concentration-time curve and reaches a continuous 
release for 72 hours. This invention discloses its preparation 
method. 

5 Claims, 2 Drawing Sheets 
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HGHLY EFFICIENT AND LONG-ACTING 
SLOW-RELEASE FORMULATION OF 
POORLY SOLUBLEDRUGS AND 

PREPARATION METHOD THEREOF 

FIELD OF THE INVENTION 

This invention relates to a high-efficacy, long-acting, slow 
release formulation of drugs and its preparation method, and 
particularly to a slow-release formulation and its preparation 
method that enable poorly soluble drugs to function 72 hours 
continuously in a slow-release mode and enhance its oral 
bioavailability. 

10 

BACKGROUND OF THE INVENTION 15 

72-hour slow-release and higher oral bioavailability can be 
realized for the oral form of the poorly soluble drug insofar as 
Such techniques as ordered mesoporous nanoparticles tech 
nique, hydrophilic gel matrix technique and Solid dispersion 
technique are integrally adopted. 
Due to its poor solubility in water, the poorly soluble drug 

is characteristic of being poorly absorbed by human body, fast 
rate of elimination, frequent occurrence of peak and trough 
phenomenon of the plasma concentration, low oral bioavail 
ability, and hard to diversify its dosage form. Controlled 
release preparation of drugs is being widely used in virtue of 
its less total amount and frequency of administration, which 
consequently avoids peak and trough phenomenon of plasma 
concentration, reduces toxic and side effects and improves 
patients’ adaptability see: Lee K, Nguyen T. Hanley T. et, al. 
“Nanostructure of Liquid Crystalline Matrix Determines in 
vitro Sustained Release and in vivo Oral Absorption Kenetics 
for Hydrophilic Model Drugs.” International Journal of 
Pharmaceutics 365.1-2 (2009):190.: Wang Jiexin, Wang Zhi- 35 
hui, Chen Jianfeng, et, al. “Direct Encapsulation of Water 
soluble Drug into Silica Microcapsules for Sustained Release 
Applications.” Materials Research Bulletin 43.12 (2008): 
3374... Therefore, the defects such as great fluctuation of 
plasma concentration and frequent administrations of the 40 
poorly soluble drug can be effectively avoided when the drug 
is prepared in the controlled release form after having been 
solubilized. However, since the poorly soluble drug is not 
able to completely dissolve in water when being prepared in 
the controlled release form, an in advance solubilization is 45 
needed. The solubilized drug then can be used as the raw 
material for preparation of various forms of the slow-release 
drug. Techniques that can be utilized for solubilization of the 
poorly soluble drug include: Solid dispersion technique, 
cyclodextrin inclusion technique, miceller Solubilization 50 
technique and microemulsion technique see: Shen Song, Xu 
Ximing, Yu Jiangnan. “Research Development on Solubili 
zation of Poorly Water-soluble Drugs and Preparation of Its 
Controlled Release Forms. Chinese Pharmaceutical Affairs 
21.3 (2007):196. Guo Shengrong, Guo Li. “Effects of PVP 55 
K30 on Aqueous Solubility and Dissolution Properties of 
Daidzein.” Journal of Chinese Pharmaceutical Sciences 13.1 
(2004):42.: Z. Zuo, Y.K. Tam, J. Diakur, et, al. “Hydroxypro 
pyl-beta-cyclidextrin-flutamide Inclusion Complex. II. Oral 
and Intravenous Pharmacokinetics of flutamide in the Rat'J 60 
Pharm Sci5.3 (2002): 292. C. M. Fernandes, M.T. Vieira, F. 
J. B. Veiga. “Physicochemical Characterization and in vitro 
Dissolution Behavior of Nicardipine-cyclodextrins Inclusion 
Compounds. European Journal of Pharmaceutical Sciences 
15.1 (2002): 79.: Kang Moo Huh, Sang Cheon Lee, YongWoo 65 
Cho. “Hydrotropic Polymer Micelle System for Delivery of 
Paclitaxel.” Journal of Controlled Release 101.1-3 (2005): 

25 

30 

2 
59..Compared with other said methods, solid dispersion 
technique is more extensively utilized in virtue of its simple 
preparation procedure and outstanding Solubilization effect 
see: Wei Zhenping, Mao Shirui, Bi Dianzhou, et, al. “Disso 
lution Improvement of Cisapride by Solid Dispersion with 
HPMC. Journal of Chinese Pharmaceutical Science 13.4 
(2004):254.: Cui Fude, Yang Mingshi, Jiang Yanyan. “Design 
of Sustained-release Nitrendipine Microspheres Having 
Solid Dispersion Structure by Quasi-emulsion Solvent Dif 
fusion Method.” Journal of Controlled Release 97.3 (2003): 
375... After having been solubilized, the poorly soluble drug 
can be either prepared in the conventional controlled release 
formulation or mixed with other controlled release materials 
at an appropriate ratio to prepare matrix type, osmotic pump 
type, or membrane-controlled type of formulations. 

In recent years, much attention has been attracted to the 
special structure and features of the mesoporous material. It 
refers to a type of material containing multiple pores with 
diameter between 2 to 50 nanometers. A mesoporous material 
can be disordered or ordered according to the structure of the 
mesopores. The ordered mesoporous material enjoys the fol 
lowing structural characteristics: 1. long-range structure 
being ordered; 2. pore size distribution being narrow and 
adjustable between 1.5 to 10 nanometers; 3. specific surface 
area reaching as high as 1000 m/g; 4. high porosity and 5. 
rich unsaturated radicals on its Surface. When used as a drug 
carrier, the ordered mesoporous material presents the follow 
ing advantages: 1. being nontoxic, nonphysioactive and bio 
compatible; 2. having evenly distributed, adjustable pore 
canals, within which its rich silanic radicals act as active sites 
for combining organic guest molecules; the drug molecules, 
through combining with these radicals, distribute within the 
canals evenly as well. Since the drug is absorbed within the 
ordered mesoporous material, it acts in a slow-release way; 3. 
protecting the integrity of molecular structure of the drug. 
Therefore, an ideal controlled release can beachieved for the 
hydrophobic drug when the mesoporous material is adopted 
as the controlled release carrier. The release effect varies in 
relation to the structure of the pore canal of the ordered 
mesoporous material. 
On the basis of “triple release' mechanism comprising 

quick-release of the solid dispersion, regular slow-release of 
the hydrophilic gel matrix and the long-acting, slow-release 
of the ordered mesoporous material, this invention discloses a 
new method for preparing the slow-release formulation of the 
poorly soluble drug that realizes 72-hour continuous release 
and enhances its oral bioavailability; the formulation pre 
pared with this method simultaneously encompasses quick 
release and double slow-release, and presents double phar 
macokinetic advantages of high-efficacy and long-action. 

DESCRIPTION OF THE INVENTION 

Integrating Solid dispersion technique, ordered mesopo 
rous nanoparticles technique, and hydrophilic gel matrix 
technique together, this invention discloses a new method for 
preparing the slow-release formulation of the poorly soluble 
drug that realizes 72-hour continuous release and enhances its 
oral bioavailability; the formulation prepared with this 
method simultaneously encompasses quick-release and 
double slow-release, and presents double advantages of high 
efficacy and long-action. Such poorly soluble drugs as sily 
binin, silymarin, nitrendipine and roXithromycin are taken as 
model drugs so that the beneficial effects of this high-efficacy, 
long-acting, slow-release formulation can be investigated. 
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The technical solution provided in this invention includes: 
A high-efficacy, long-acting, slow-release formulation of 

the poorly soluble drug, comprising solid dispersion of the 
poorly soluble drug, silica nanoparticles loaded with the 
poorly soluble drug, slow-release matrix material, and release 
enhancer, wherein the mass ratio of these components is solid 
dispersion of the poorly soluble drug: silica nanoparticles 
loaded with the poorly soluble drug: matrix material: release 
enhancer=1: 0.5-1.25: 0.1-0.3: 0.1-0.3; the said solid dis 
persion of the poorly soluble drug contains povidone K30, 
Soybean lecithin, and acrylic resin IV, wherein the mass ratio 
of the drug and the accessory materials is poorly soluble drug: 
povidone K30: soybean lecithin: acrylic resin IV=1: 1-3: 
O3-08: 0.2-0.5. 
The said high-efficacy, long-acting, slow-release formula 

tion of the poorly soluble drug is prepared in the form of 
tablets or capsules. 
A method for preparing the said high-efficacy, long-acting 

slow-release formulation of the poorly soluble drug, compris 
ing the following steps: 

step 1. taking the poorly soluble drug 1 g, povidone K30 
1-3 g, soybean lecithin 0.3-0.8 g and acrylic resin IV 0.2-0.5 
g and injecting in absolute ethyl alcohol 20-40 ml (70° C. 
water-bath can be adopted to accelerate dissolution if neces 
sary); after the said materials having dissolved, treating the 
solution with 60°C. water-bath; then rotarily evaporating the 
solution at 90 rpm till almost dry, and then treating the sub 
stance with 70° C. water-bath till the solvent completely 
evaporates; putting the Substance so obtained into a -20°C. 
freezer for 2 hours and then into a 60° C. drying oven for 12 
hours; comminuting the Substance and sieving it with 80 
mesh; the solid dispersion of the poorly soluble drug is there 
fore obtained and ready for later use: 

step 2. taking cyclohexane 20-80 ml, adding in nonyl phe 
nol 10(NP-10) 4-8 ml and mixing them together; adding in 
n-hexanol 1-3 ml, 25.6% ammonia water 1-3 ml and agitating 
for 1 hour at room temperature; slowly dropping in tetraethyl 
orthosilicate 3-5 ml and agitating for 24 hours at room tem 
perature; adding in absolute ethyl alcohol 40-80 ml and treat 
ing with ultrasound for 1 hour; and then centrifugally sepa 
rating at 15000 rpm for 15 min and washing the precipitate 
with distilled water three times; adding in some water, freez 
ing and drying the Substance in Succession, and silica nano 
particles 8 g-32 g are therefore obtained; 

taking the said silica nanoparticles 1 g, adding in 0.6 mol/L 
NaCO solution 1000 ml, treating with ultrasound for 4-5 
min under the condition of 60-70° C., 200 W, and then cen 
trifugally separating at 15000 rpm and washing the precipi 
tate with distilled water three times; adding in distilled water 
10 ml, freezing and drying the Substance in Succession, and 
mesoporous silica nanoparticles are therefore obtained; 

dissolving the poorly soluble drug 2 g in absolute ethyl 
alcohol 10-20 ml, soaking mesoporous silica nanoparticles 1 
g in the solution for 24 hours, and then centrifugally separat 
ing at 15000 rpm for 15 min and washing the precipitate with 
absolute ethyl alcohol three times; adding in distilled water 10 
ml, freezing and drying the Substance in Succession, and 
drug-loaded nanoparticles are therefore obtained; 

step 3. taking Solid dispersion of the poorly soluble drug 1 
g, mixing it with hypromellose K4M 0.2-0.3 g and L-HPC 
0.1-0.2g, and then adding in Some 70% syrup So that a certain 
soft substance is obtained; sieving the soft substance with 16 
mesh and the wet granules so obtained are baked at 60°C. for 
30 min, reshaping the granules with 16 mesh and the slow 
release granules 1 are therefore obtained: 

step 4. taking Solid dispersion of the poorly soluble drug 
1.8 g. mixing it with hypromellose K4M 0.1-0.2 g L-HPC 
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4 
0.2-0.3 g and drug-loaded silica nanoparticles 1.25-2.5g, and 
then adding in some 70% syrup So that a certain Soft Substance 
is obtained; sieving the soft substance with 16 mesh and the 
wet granules so obtained are baked at 60° C. for 30 min, 
reshaping the granules with 16 mesh and the slow-release 
granules 2 are therefore obtained; 

step 5. mixing the slow-release granules 1 and the slow 
release granules 2 at the ratio of 1:2.75-1:4; and then tablet 
ing the mixed granules with the force around 40-60N; the 
high-efficacy, long-acting, slow-release tablet of the poorly 
soluble drug disclose in this invention is therefore obtained. 

Adopting the said preparation method of the high-efficacy, 
long-acting, slow-release formulation of the poorly soluble 
drug, mixing the slow-release granules 1 prepared in step 3 
and the slow-release granules 2 prepared in step 4 together at 
the ratio of 1:2.75-1:4; encapsulating the mixed granules and 
the high-efficacy, long-acting, slow-release capsule of the 
poorly soluble drug disclosed in this invention is obtained. 

BENEFICIAL EFFECTS OF THE INVENTION: 

1. This invention initiates a so-called “triple release' 
mechanism jointly realized by the quick-release of Solid dis 
persion, the regular slow-release of hydrophilic gel matrix 
and the long-acting slow-release of mesoporous silica nano 
particles; based on the “double release' method comprising 
the quick-release technique and the regular slow-release tech 
nique, this mechanism fully utilizes the long-acting, slow 
release characteristic of the drug-loaded ordered mesoporous 
material, an advantage resulting from its high absorption due 
to its high specific Surface area and big pore Volume; taking 
ordered mesoporous silica nanoparticles as carrier material 
and integrating Solid dispersion technique, ordered mesopo 
rous nanoparticles technique and hydorphilic gel matrix tech 
nique together, a new formulation of the poorly soluble drug 
that starts with quick-release, then regular slow-release, and 
long-acting slow-release at last is prepared, namely, the for 
mulation encompasses quick-release and double slow-release 
simultaneously. Compared with the existing formulations 
through in vivo testing in Beagle dogs, the halflife of the said 
high-efficacy, long-acting, slow-release formulation of the 
poorly soluble drug disclosed in this invention is 2.3-14.8 
times longer while the mean residence time (MRT) of which 
is 7.94-4.52 times longer, the in vivo pharmacokinetic testing 
in Beagle dogs also indicates that this formulation of the 
poorly soluble drug presents a Smoother concentration-time 
curve and reaches a continuous lease for 72 hours see: FIG. 
3 and FIG. 4. 

2. This invention combines solid dispersion technique and 
nanotechnique together, on the one hand, soybean lecithin is 
added in during the preparation of the solid dispersion of the 
poorly soluble drug, which consequently enhances physical 
absorption of the poorly soluble drug; on the other hand, the 
utilization of nanoparticles prominently enhances the speed 
and extent of the physical absorption of the poorly soluble 
drug, which is contributive to higher bioavailability of the 
long-acting, slow-release formulation of the poorly soluble 
drug as well. Therefore, the formulation of the poorly soluble 
drug disclosed in this invention is not only a long-acting, 
slow-release one, but also a formulation of high-efficacy, that 
is to say, it is a formulation simultaneously presents the 
double advantages of high-efficacy and long-action. Com 
pared with the control formulation through in vivo pharma 
cokinetic testing in Beagle dogs, the relative bioavailability of 
the long-acting, slow-release formulation of Silybinin pre 
pared with the method disclosed in this invention is 383%. In 
addition, the method disclosed in this invention can be uti 
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lized in developing Sophisticated, high-efficacy and long 
acting drug formulations that need to be administered only 
once three days. 

3. Silica is biological compatible, nontoxic and extensively 
available; the silica nanoparticles prepared with the method 
disclosed in this invention have such advantages as simple 
preparation method, no requirement of special devices, fewer 
influencing factors during preparation, and higher repeatibil 
1ty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a TEM image of the mesoporous silica nanopar 
ticles prepared in this invention; 

FIG. 2 is the particle size distribution graph of the meso 
porous silica nanoparticles prepared in this invention; 

FIG.3 is the concentration-time curve of the high-efficacy, 
long-acting, slow-release formulation of Silybinin disclosed 
in this invention when tested in Vivo in Beagle dogs; 

FIG. 4 is the concentration-time curve of the high-efficacy, 
long-acting, slow-release formulation of silymarin disclosed 
in this invention when tested in Vivo in Beagle dogs. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The materials and devices required for the following 
embodiments include: 

experiment materials: povidone K30 (Shanghai Shengpu 
New Materials Co., Ltd.); soybean lecithin (Shanghai Taiwei 
Pharmaceutical Co., Ltd.); acrylic resin IV (Huainan Shanhe 
Medical Accessories Co., Ltd.); tetraethyl orthosilicate 
(Chemical Reagent Co., Ltd. of China National Pharmaceu 
tical Group); hypromellose K4M (Shanghai Colorcon Coat 
ing Technology Co., Ltd.); L-HPC (Shanghai Colorcon Coat 
ing Technology Co., Ltd); 

experiment devices: rotary evaporator (Heidolph, Ger 
many); H66025 ultrasonic cleaner (Wuxi Ultrasonic Devices 
Factory); ADP single punch tablet machine (Shanghai Tianx 
iang Jiantai Pharmaceutical machinery Co., Ltd.). 

Embodiment I 
Taking silymarin 1 g, povidone K30 1 g, soybean lecithin 

0.2 g and acrylic resin IV 0.1 g and injecting in absolute ethyl 
alcohol 20 ml (70° C. water-bath can be adopted to accelerate 
dissolution if necessary); after the said materials having dis 
solved, treating the solution with 60° C. water-bath, then 
rotarily evaporating the solution at 90 rpm till almost dry, and 
treating the substance with 70° C. water-bath till the solvent 
completely evaporates; putting the Substance so obtained into 
a -20° C. freezer for 2 hours and then into a 60° C. drying 
oven for 12 hours; comminuting the Substance and sieving it 
with 80 mesh; the solid dispersion is therefore obtained and 
ready for later use. 

Taking cyclohexane 30 ml, adding in nonyl phenol 10(NP 
10) 4 ml and mixing them together, adding in n-hexanol 1 ml, 
25.6% ammonia water 1 ml and agitating for 1 hour at room 
temperature; slowly dropping in tetraethyl orthosilicate 3 ml 
and agitating for 24 hours at room temperature; adding in 
absolute ethyl alcohol 40 ml and treating with ultrasound for 
1 hour; and then centrifugally separating at 15000 rpm for 15 
min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 2g, adding in 0.6 mol/L 
NaCO solution 3000 ml, treating with ultrasound for 420". 
4' 10" and 4 under the condition of 60° C. 200 W, 65° C. 200 
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6 
W and 70° C. 200 W respectively, and then centrifugally 
separating at 15000 rpm for 15 min and washing the precipi 
tate with distilled water three times; adding in distilled water 
1 ml, freezing and drying the Substance in Succession, and 
mesoporous silica nanoparticles are therefore obtained. 

Dissolving silybinin 3 g in absolute ethyl alcohol 20 ml, 
soaking mesoporous silica nanoparticles 1.5g in the Solution 
for 24 hours, and then centrifugally separating at 15000 rpm 
for 15 min and washing the precipitate with absolute ethyl 
alcohol three times; adding in distilled water 1 ml, freezing 
and drying the Substance in Succession, and drug-loaded 
nanoparticles are therefore obtained. 

Taking Silybinin solid dispersion 1 g, mixing it with 
hypromellose K4M 0.2 g and L-HPC 0.2g, and then adding 
in some 70% syrup so that a certain soft substance is obtained: 
sieving the Soft Substance with 16 mesh and the wet granules 
so obtained are baked at 60° C. for 30 min, reshaping the 
granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. 

Taking Silybinin Solid dispersion 1.8 g. mixing it with 
hypromellose K4M 0.36 g L-HPC 0.4 g and drug-loaded 
silica nanoparticles 2g, and then adding in Some 70% syrup 
so that a certain soft Substance is obtained; sieving the soft 
Substance with 16 mesh and the wet granules so obtained are 
baked at 60° C. for 30 min, reshaping the granules with 16 
mesh and the slow-release granules 2 are therefore obtained. 

Mixing the slow-release granules 1 and the slow-release 
granules 2 at the ratio of 1:2; and then tableting the mixed 
granules with the force around 40-60N; the high-efficacy, 
long-acting, slow-release tablet of Silybinin is therefore 
obtained. 

Embodiment II 
Taking Silybinin 1 g, povidone K303 g, soybean lecithin 

0.8 g and acrylic resin IV 0.5g and injecting in absolute ethyl 
alcohol 40 ml (70° C. water-bath can be adopted to accelerate 
dissolution if necessary); after the said materials having dis 
solved, treating the solution with 60° C. water-bath, then 
rotarily evaporating the solution at 90 rpm till almost dry, and 
treating the substance with 70° C. water-bath till the solvent 
completely evaporates; putting the Substance so obtained into 
a -20° C. freezer for 2 hours and then into a 60° C. drying 
oven for 12 hours; comminuting the Substance and sieving it 
with 80 mesh; the Silybinin solid dispersion is therefore 
obtained and ready for later use. 

Taking cyclohexane 80 ml, adding in nonyl phenol 10(NP 
10) 8 ml and mixing them together, adding in n-hexanol 3 ml, 
25.6% ammonia water 3 ml and agitating for 1 hour at room 
temperature; slowly dropping in tetraethyl orthosilicate 5 ml 
and agitating for 24 hours at room temperature; adding in 
absolute ethyl alcohol 80 ml and treating with ultrasound for 
1 hour; and then centrifugally separating at 15000 rpm for 15 
min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 3 g, adding in 0.6 mol/L 
NaCO solution 3000 ml, treating with ultrasound for 420". 
4' 10" and 4 under the condition of 60° C. 200 W, 65° C. 200 
W and 70° C. 200 W respectively, and then centrifugally 
separating at 15000 rpm for 15 min and washing the precipi 
tate with distilled water three times; adding in distilled water 
1 ml, freezing and drying the Substance in Succession, and 
mesoporous silica nanoparticles are therefore obtained. 

Dissolving silybinin 3 g in absolute ethyl alcohol 20 ml, 
soaking mesoporous silica nanoparticles 1.5g in the Solution 
for 24 hours, and then centrifugally separating at 15000 rpm 
for 15 min and washing the precipitate with absolute ethyl 
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alcohol three times; adding in distilled water 1 ml, freezing 
and drying the Substance in Succession, and drug-loaded 
nanoparticles are therefore obtained. 

Taking Silybinin Solid dispersion 1.8 g. mixing it with 
hypromellose K4M 0.4 g and L-HPC 0.4g, and then adding 
in some 70% syrup so that a certain soft substance is obtained: 
sieving the soft Substance with 16 mesh and the wet granules 
so obtained are baked at 60° C. for 30 min, reshaping the 
granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. Taking silybinin solid dispersion 1.8 g. 
mixing it with hypromellose K4M 0.36 g. L-HPC 0.4 g and 
drug-loaded silica nanoparticles 3 g, and then adding in some 
70% syrup so that a certain soft substance is obtained; sieving 
the soft substance with 16 mesh and the wet granules so 
obtained are baked at 60° C. for 30min, reshaping the gran 
ules with 16 mesh and the slow-release granules 2 are there 
fore obtained. 

Mixing the slow-release granules 1 and the slow-release 
granules 2 at the ratio of 2:3; and then encapsulating the 
mixed granules so that the high-efficacy, long-acting, slow 
release capsule of silybinin is obtained. 

Embodiment III 
Taking silymarin 1 g, povidone K301.2g, soybean lecithin 

0.4 g and acrylic resin IV 0.3 g and injecting in absolute ethyl 
alcohol 25 ml (70° C. water-bath can be adopted to accelerate 
dissolution if necessary); after the said materials having dis 
solved, treating the solution with 60° C. water-bath, then 
rotarily evaporating the solution at 90 rpm till almost dry, and 
treating the substance with 70° C. water-bath till the solvent 
completely evaporates; putting the Substance so obtained into 
a -20°C. freezer for 2 hours and then into a 60° C. drying 
oven for 12 hours; comminuting the Substance and sieving it 
with 80 mesh; the Silybinin solid dispersion is therefore 
obtained and ready for later use. 

Taking cyclohexane 30 ml, adding in nonyl phenol 10(NP 
10) 5 ml and mixing them together; adding in n-hexanol 1.2 
ml, 25.6% ammonia water 1.5 ml and agitating for 1 hour at 
room temperature; slowly dropping intetraethyl orthosilicate 
3.5 ml and agitating for 24 hours at room temperature; adding 
in absolute ethyl alcohol 50 ml and treating with ultrasound 
for 1 hour; and then centrifugally separating at 15000 rpm for 
15 min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 1 g, adding in 0.6 mol/L 
NaCO solution 1000 ml, treating with ultrasound for 45 min 
under the condition of 65° C., 200 W, and then centrifugally 
separating at 15000 rpm for 15 min and washing the precipi 
tate with distilled water three times; adding in distilled water 
10 ml, freezing and drying the Substance in Succession, and 
mesoporous silica nanoparticles are therefore obtained. 

Dissolving silymarin 2 g in absolute ethyl alcohol 20 ml, 
soaking mesoporous silica nanoparticles 1 g in the Solution 
for 24 hours, and then centrifugally separating at 15000 rpm 
for 15 min and washing the precipitate with absolute ethyl 
alcohol three times; adding in distilled water 10 ml, freezing 
and drying the Substance in Succession, and drug-loaded 
nanoparticles are therefore obtained. 

Taking silymarin Solid dispersion 1 g, mixing it with 
hypromellose K4M 0.2 g and L-HPC 0.2g, and then adding 
in some 70% syrup so that a certain soft substance is obtained: 
sieving the soft Substance with 16 mesh and the wet granules 
so obtained are baked at 60D for 30 min, reshaping the 
granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. 
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8 
Taking silymarin solid dispersion 1 g, mixing it with 

hypromellose K4M 0.1 g L-HPC 0.3 g and drug-loaded silica 
nanoparticles 2g, and then adding in some 70% syrup so that 
a certain Soft Substance is obtained; sieving the soft Substance 
with 16 mesh and the wet granules so obtained are baked at 
60 for 30 min, reshaping the granules with 16 mesh and the 
slow-release granules 2 are therefore obtained. 
Mixing the slow-release granules 1 and the slow-release 

granules 2 at the ratio of 2:3; and then tableting the mixed 
granules with the force around 40-60N; the high-efficacy, 
long-acting, slow-release tablet of silymarin is therefore 
obtained. 
Embodiment IV 
Taking silymarin 1 g, povidone K301.5 g, soybean lecithin 

0.5g and acrylic resin IV 0.4 g and injecting in absolute ethyl 
alcohol 30 ml (70° C. water-bath can be adopted to accelerate 
dissolution if necessary); after the said materials having dis 
solved, treating the solution with 60° C. water-bath, then 
rotarily evaporating the solution at 90 rpm till almost dry, and 
treating the substance with 70° C. water-bath till the solvent 
completely evaporates; putting the Substance so obtained into 
a -20° C. freezer for 2 hours and then into a 60° C. drying 
oven for 12 hours; comminuting the Substance and sieving it 
with 80 mesh; the Silybinin solid dispersion is therefore 
obtained and ready for later use. 

Taking cyclohexane 50 ml, adding in nonyl phenol 10(NP 
10) 6 ml and mixing them together; adding in n-hexanol 2.2 
ml, 25.6% ammonia water 1.8 ml and agitating for 1 hour at 
room temperature; slowly dropping intetraethyl orthosilicate 
4.2 ml and agitating for 24 hours at room temperature; adding 
in absolute ethyl alcohol 60 ml and treating with ultrasound 
for 1 hour; and then centrifugally separating at 15000 rpm for 
15 min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 1 g, adding in 0.6 mol/L 
NaCO solution 1000 ml, treating with ultrasound for 45 min 
under the condition of 65° C., 200 W. and then centrifugally 
separating at 15000 rpm for 15 min and washing the precipi 
tate with distilled water three times; adding in distilled water 
10 ml, freezing and drying the Substance in Succession, and 
mesoporous silica nanoparticles are therefore obtained. 

Dissolving silymarin 2 g in absolute ethyl alcohol 20 ml, 
soaking mesoporous silica nanoparticles 1 g in the Solution 
for 24 hours, and then centrifugally separating at 15000 rpm 
for 15 min and washing the precipitate with absolute ethyl 
alcohol three times; adding in distilled water 10 ml, freezing 
and drying the Substance in Succession, and drug-loaded 
nanoparticles are therefore obtained. 

Taking silymarin solid dispersion 1 g, mixing it with 
hypromellose K4M 0.22 g and L-HPC 0.22 g, and then add 
ing in some 70% syrup So that a certain soft Substance is 
obtained; sieving the soft substance with 16 mesh and the wet 
granules so obtained are baked at 60°C. for 30 min, reshaping 
the granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. 

Taking silymarin solid dispersion 1 g, mixing it with 
hypromellose K4M 0.15 g L-HPC 0.25 g and drug-loaded 
silica nanoparticles 2g, and then adding in Some 70% syrup 
so that a certain soft Substance is obtained; sieving the soft 
Substance with 16 mesh and the wet granules so obtained are 
baked at 60° C. for 30 min, reshaping the granules with 16 
mesh and the slow-release granules 2 are therefore obtained. 

Mixing the slow-release granules 1 and the slow-release 
granules 2 at the ratio of 2:3; and then encapsulating the 
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mixed granules so that the high-efficacy, long-acting, slow 
release capsule of silymarin is obtained. 

Embodiment V 
Taking roXithromycin 1 g, povidone K30 2 g, soybean 

lecithin 0.5 g and acrylic resin IV 0.3 g and injecting in 
absolute ethyl alcohol 30 ml (70° C. water-bath can be 
adopted to accelerate dissolution if necessary); after the said 
materials having dissolved, treating the solution with 60° C. 
water-bath, then rotarily evaporating the solution at 90 rpm 
till almost dry, and treating the substance with 70° C. water 
bath till the solvent completely evaporates; putting the sub 
stance so obtained into a -20°C. freezer for 2 hours and then 
into a 60° C. drying oven for 12 hours; comminuting the 
substance and sieving it with 80 mesh; the roxithromycin 
solid dispersion is therefore obtained and ready for later use. 

Taking cyclohexane 70 ml, adding in nonyl phenol 10(NP 
10) 6 ml and mixing them together, adding in n-hexanol 1 ml, 
25.6% ammonia water 1.5 ml and agitating for 1 hour at room 
temperature; slowly dropping in tetraethyl orthosilicate 6 ml 
and agitating for 24 hours at room temperature; adding in 
absolute ethyl alcohol 60 ml and treating with ultrasound for 
1 hour; and then centrifugally separating at 15000 rpm for 15 
min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 2g, adding in 0.6 mol/L 
NaCO, solution 2000 ml, treating with ultrasound for 45 min 
under the condition of 70° C., 200 W, and then centrifugally 
separating at 15000 rpm for 15 min and washing the precipi 
tate with distilled water three times; adding in distilled water 
10 ml, freezing and drying the substance in succession, and 
mesoporous silica nanoparticles are therefore obtained. 

Dissolving roxithromycin 2 g in absolute ethyl alcohol 15 
ml. Soaking mesoporous silica nanoparticles 1 g in the solu 
tion for 24 hours, and then centrifugally separating at 15000 
rpm for 15 min and washing the precipitate with absolute 
ethyl alcohol three times; adding in distilled water 10 ml, 
freezing and drying the Substance in Succession, and drug 
loaded nanoparticles are therefore obtained. 

Taking roXithromycin Solid dispersion 1.4g, mixing it with 
hypromellose K4M 0.5g and L-HPC 0.2g, and then adding 
in some 70% syrup so that a certain soft substance is obtained: 
sieving the soft Substance with 16 mesh and the wet granules 
so obtained are baked at 60° C. for 30 min, reshaping the 
granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. Takingroxithromycin solid dispersion 2.1 
g, mixing it with hypromellose K4M 0.4 g L-HPC 0.4 g and 
drug-loaded silica nanoparticles 2g, and then adding in some 
70% syrup so that a certain soft substance is obtained; sieving 
the soft substance with 16 mesh and the wet granules so 
obtained are baked at 60°C. for 30 min, reshaping the gran 
ules with 16 mesh and the slow-release granules 2 are there 
fore obtained. 

Mixing the slow-release granules 1 and the slow-release 
granules 2 at the ratio of 1:1; and then tableting the mixed 
granules with the force around 40-60N; the high-efficacy, 
long-acting, slow-release tablet of roXithromycin is therefore 
obtained. 

Embodiment VI 
Taking nitrendipine 1 g, povidone K30 1.8 g. soybean 

lecithin 0.6 g and acrylic resin IV 0.2 g and injecting in 
absolute ethyl alcohol 30 ml (70° C. water-bath can be 
adopted to accelerate dissolution if necessary); after the said 
materials having dissolved, treating the solution with 60° C. 
water-bath, then rotarily evaporating the solution at 90 rpm 
till almost dry, and treating the substance with 70° C. water 
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10 
bath till the solvent completely evaporates; putting the sub 
stance so obtained into a -20°C. freezer for 2 hours and then 
into a 60° C. drying oven for 12 hours; comminuting the 
substance and sieving it with 80 mesh; the nitrendipine solid 
dispersion is therefore obtained and ready for later use. 

Taking cyclohexane 60 ml, adding in nonyl phenol 10(NP 
10) 5 ml and mixing them together, adding in n-hexanol 1 ml, 
25.6% ammonia water 1.5 ml and agitating for 1 hour at room 
temperature; slowly dropping in tetraethyl orthosilicate 5.5 
ml and agitating for 24 hours at room temperature; adding in 
absolute ethyl alcohol 70 ml and treating with ultrasound for 
1 hour; and then centrifugally separating at 15000 rpm for 15 
min and washing the precipitate with distilled water three 
times; adding in Some water, freezing and drying the Sub 
stance in Succession, and the powder of silica nanoparticles is 
therefore obtained. 

Taking the said silica nanoparticles 2g, adding in 0.6 mol/L 
NaCO solution 3000 ml, treating with ultrasound for 420". 
4' 10" and 4 under the condition of 60° C. 200 W, 65° C. 200 
W and 70° C. 200 W respectively, and then centrifugally 
separating at 15000 rpm and washing the precipitate with 
distilled water three times; adding in distilled water 1 ml, 
freezing and drying the Substance in Succession, and meso 
porous silica nanoparticles are therefore obtained. 

Dissolving nitrendipine 2g in absolute ethyl alcohol 15 ml, 
soaking mesoporous silica nanoparticles 1 g in the Solution 
for 24 hours, and then centrifugally separating at 15000 rpm 
for 15 min and washing the precipitate with absolute ethyl 
alcohol three times; adding in distilled water 1 ml, freezing 
and drying the Substance in Succession, and drug-loaded 
nanoparticles are therefore obtained. 

Taking nitrendipine Solid dispersion 1.4g, mixing it with 
hypromellose K4M 0.5g and L-HPC 0.2g, and then adding 
in some 70% syrup so that a certain soft substance is obtained: 
sieving the Soft Substance with 16 mesh and the wet granules 
so obtained are baked at 60° C. for 30 min, reshaping the 
granules with 16 mesh and the slow-release granules 1 are 
therefore obtained. 

Taking nitrendipine Solid dispersion 2.1 g, mixing it with 
hypromellose K4M 0.4 g L-HPC 0.3 g and drug-loaded silica 
nanoparticles 2g, and then adding in some 70% syrup so that 
a certain Soft Substance is obtained; sieving the soft Substance 
with 16 mesh and the wet granules so obtained are baked at 
60° C. for 30 min, reshaping the granules with 16 mesh and 
the slow-release granules 2 are therefore obtained. 

Mixing the slow-release granules 1 and the slow-release 
granules 2 at the ratio of 1:1; and then tableting the mixed 
granules with the force around 40-60N; the high-efficacy, 
long-acting, slow-release tablet of nitrendipine is therefore 
obtained. 

What is claimed is: 
1. A method for preparing a high-efficacy, long-acting 

slow-release formulation of the poorly soluble drug, compris 
ing the following steps: 

step 1. taking the poorly soluble drug 1 g, povidone K30 
1-3 g, soybean lecithin 0.3-0.8 g and acrylic resin IV 
0.2-0.5 g and injecting in absolute ethyl alcohol 20-40 
ml (70° C. water-bath can be adopted to accelerate dis 
Solution if necessary); after the said materials having 
dissolved, treating the solution with 60°C. water-bath; 
then rotarily evaporating the solution at 90 rpm, and then 
treating the substance with 70° C. water-bath till the 
Solvent completely evaporates; putting the Substance so 
obtained into a -20°C. freezer for 2 hours and then into 
a 60° C. drying oven for 12 hours; comminuting the 
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substance and sieving it with 80 mesh; the solid disper 
sion of the poorly soluble drug is therefore obtained and 
ready for later use: 

step 2. taking cyclohexane 20-80 ml, nonyl phenol 10(NP 
10) 4-8 ml and mixing them together, adding in-n-hex 
anol 1-3 ml, 25.6% ammonia water 1-3 ml and agitating 
for 1 hour at room temperature; slowly dropping in 
tetraethyl orthosilicate 3-5 ml and agitating for 24 hours 
at room temperature; adding in absolute ethyl alcohol 
40-80 ml and-treating with ultrasound for 1 hour; and 
then centrifugally separating at 15000 rpm for 15 min 
and washing the precipitate with distilled water three 
times; adding water, freezing and drying the Substance 
in Succession, and silica nanoparticles 8 g-32 garethere 
fore obtained; 

taking the said silica nanoparticles 1 g, adding in 0.6 mol/L 
NaCO, solution 1000 ml, treating with ultrasound for 
4-5 min under the condition of 60-70° C., 200 W, and 
then centrifugally separating at 15000 rpm for 15 min; 
and washing the precipitate with distilled water three 
times; adding in distilled water 10 ml, freezing and dry 
ing the Substance in Succession, and mesoporous silica 
nanoparticles are therefore obtained: 

dissolving the poorly soluble drug 2 g in absolute ethyl 
alcohol 10-20 ml, soaking mesoporous silica nanopar 
ticles 1 g in the solution for 24 hours, and then centrifu 
gally separating at 15000 rpm for 15 min and washing 
the precipitate with absolute ethyl alcohol three times; 
adding in distilled water 10 ml, freezing and drying the 
Substance in succession, and drug-loaded nanoparticles 
are therefore obtained; 

step 3. taking Solid dispersion of the poorly soluble drug 1 
g, mixing it with hypromellose K4M 0.2-0.3 g and 
L-HPC 0.1-0.2 g, sieving with 16 mesh and the wet 
granules so obtained are baked at 60° C. for 30 min, 
reshaping the granules with 16 mesh and the slow-re 
lease granules 1 are therefore obtained; 

step 4. taking Solid dispersion of the poorly soluble drug 
1.8 g. mixing it with hypromellose K4M 0.1-0.2 g, 
L-HPC 0.2-0.3 g and drug-loaded silica nanoparticles 
1.25-2.5 g; sieving with 16 mesh and the wet granules so 
obtained are baked at 60° C. for 30 min, reshaping the 
granules with 16-mesh and the slow-release granules 2 
are therefore obtained; 

step 5. mixing the slow-release granules 1 and the slow 
release granules 2 at the ratio of 1:2.75-1:4; and-then 
tableting the mixed granules with the force around 
40-60N; the high-efficacy, long-acting, slow-release 
tablet of the poorly soluble drug disclose in this inven 
tion is therefore obtained. 

2. A method for preparing for the high-efficacy, long-act 
ing, slow-release formulation of the poorly soluble drug as is 
defined in claim 1, wherein the slow-release granules 1 pre 
pared in step 3 and the slow-release granules 2 prepared in 
step 4 are mixed at the ratio of 1:2.75-1:4, and then are 
encapsulated together to form the high-efficacy, long-acting, 
slow-release capsule of the poorly soluble drug. 

3. A method for preparing a high-efficacy, long-acting 
slow-release formulation of a poorly soluble drug, compris 
ing the following steps: 
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providing a solid dispersion of the poorly soluble drug; 
preparing a mixture of cyclohexane, nonyl phenol 10(NP 

10), n-hexanol and 25.6% ammonia water; 
slowly dropping in tetraethyl orthosilicate directly into the 

mixture; 
adding absolute ethyl alcohol to the mixture: 
treating the mixture with ultrasound and then centrifugally 

separating at 15000 rpm; 
washing a precipitate of the mixture with distilled water, 

forming a solution; 
adding water, freezing and drying the solution in Succes 

sion to obtain silica nanoparticles; 
adding a Na2CO Solution to the silica nanoparticles form 

ing a silica nanoparticle Solution; 
treating the silica nanoparticle Solution with ultrasound 

followed by centrifugally separating a precipitate of the 
silica nanoparticle solution at 15000 rpm; 

washing the precipitate of the silica nanoparticle Solution 
with distilled water three times; adding distilled water to 
the precipitate of the silica nanoparticle solution, form 
ing a precipitate solution; 

freezing and drying the precipitate Solution in Succession 
to obtain mesoporous silica nanoparticles with a porous 
diameter between 2-50 nm, 

dissolving the poorly soluble drug in absolute ethyl alco 
hol, forming an absolute ethyl alcohol solution; 

soaking the mesoporous silica nanoparticles in the absolute 
ethyl alcohol solution; 

centrifugally separating the mesoporus silica nanoparticle 
in the absolute ethyl alcohol solution at 15000 rpm; 

freezing and drying the absolute ethyl alcohol solution in 
Succession to obtain drug-loaded silica nanoparticles; 

mixing a first portion of the Solid dispersion with 
hypromellose K4M and low-substituted hydroxypropyl 
cellulose (L-HPC); 

sieving the mixture of the first portion of the solid disper 
sion with hypromellose K4M and low-substituted 
hydroxypropyl cellulose (L-HPC) into a first set of gran 
ules; 

baking the first set granules; 
reshaping the first set of granules with 16 mesh to obtain a 

first set of slow-release granules; 
mixing a second portion of the solid dispersion with 

hypromellose K4M, low-substituted hydroxypropyl cel 
lulose (L-HPC) and drug-loaded silica nanoparticles; 

sieving the mixture of the second portion of the solid dis 
persion with hypromellose K4M, low-substituted 
hydroxypropyl cellulose (L-HPC) and drug-loaded 
silica nanoparticles into a second set of granules; 

baking the second set of granules; 
reshaping the second set of granules with 16 mesh to obtain 

a second set of slow-release granules; and 
mixing the first set of slow-release granules and the second 

set of slow-release granules together at the ratio of 
1:2.75-1:4 

4. The method of claim3, further comprising the additional 
step of tableting the mixture of the first set of slow-release 
granules and the second set of slow-release granules. 

5. The method as is defined in claim 3, further comprising 
the step of encapsulating the mixture of the first set of slow 
release granules and the second set of slow-release granules 
in a capsule. 


